This study was conducted in the Tafresh area of Iran to assess the dietary patterns, time allocation, and nutritional status of rural women in relation to their participation in mixed farming activities. We selected 75 women from 40 villages by applying a stratified random-sampling technique. Cereals and grains were the major source of energy intake. According to the recommended dietary allowance (RDA) tables of India, the United States, the United Kingdom, and the Food and Agriculture Organization (FAO), the respondents seemed to have no micronutrient and energy deficiencies during the spring season. They spent most of their time and energy on household, animal husbandry, and crop farming activities. According to measurements of body mass index (BMI), the respondents were well nourished. However, despite the high level of BMI, analysis suggested a negative energy balance. Nevertheless, analysis indicated that rural women with negative energy balance spent more time and energy in mixed farming and had a higher level of participation in related activities. Hence, it is evident from the results that the physical contribution of rural women in mixed farming activities has a detrimental effect on their nutritional status, at least during some parts of the year (e.g., spring or summer). Therefore, there is a need to adjust nutritional interventions to improve the sustainability of their food intake and to develop appropriate technologies in mixed farming to alleviate their work burdens.
Introduction
Livestock makes a major contribution to rural development in developing countries [1] . Among different livestock production systems, mixed farming or the crop-livestock integrated production system is probably the most benign from an environmental perspective. In addition, mixed farming is the largest category of livestock production in the world [2] . Hence, a thorough understanding of this system can help to identify constraints and opportunities affecting the productivity of human resources, the sustainability of the system, and the nutritional status of resource-poor farmers, particularly disadvantaged populations such as rural women.
Because rural women play a crucial role in mixed farming throughout the world, special attention should be paid to their particular needs, roles, and problems. Therefore, this study, which examined the nutritional status of rural women in relation to their participation in mixed farming, can be useful for the design, development, and promotion of sustainable livestock production systems in Iran or other places with similar conditions. This investigation can also provide extensionists, researchers, agricultural planners, and policy makers with information that is essential for the establishment or accomplishment of any development intervention. It is because women's empowerment in agriculture or mixed farming as a part of human-resource development programs is influenced by many factors, including educational level, health conditions, nutritional status, access to credit, and appropriate technology.
Although these factors are interrelated, nutritional status seems to play a major role in the productivity of women in mixed farming. By contrast, nutritional deficiencies have negative effects on women's capacity for physical work. Some studies have shown that a woman's physical capacity for work is a major determinant of her own and her family's nutritional well-being [3] . Because of the importance of food availability and food habits and their impact on the productivity of women Nutritional status of rural women in relation to their participation in mixed farming in the Tafresh area of Iran 322 in mixed farming, the present study was conducted to study the nutritional status of rural women, their daily time allocation and energy expenditure patterns, and the relationship between their nutritional status and their participation in mixed farming.
Methods
The study was conducted in the Tafresh area of Iran, where mixed farming is the main occupation in rural areas. Mixed farming is defined as a system of farming in which both crop and livestock farming are combined for the purpose of meeting family requirements and earning a profit from both enterprises. The data were collected during the spring season. In order to enhance the representativeness of the sample, data were gathered from two districts, Markazi and Farahan. Seventy-five women were selected from 40 villages by a stratified random-sampling technique.
Nutritional status
In this study, nutritional status refers to the dietary patterns, energy expenditure, and energy balance of the respondents. Time spent in different activities was also studied as a prerequisite for assessing energy expenditure.
Dietary pattern
For this study, dietary intake is defined as the total amount of different foods consumed by women throughout the day, including beverages. Dashman et al. [4] have characterized methods of dietary assessment as retrospective and prospective. The major retrospective method is the 24-hour recall. The subject is asked to recall all foods and beverages consumed in the previous 24 hours. Thimmayamma [5] and Nieman et al. [6] believe that this is a more practical and useful method of assessing the dietary intake of individuals in a family than other methods. The recall method also gives fairly reliable data on the current food consumption of a large group. By this method, dietary intake data for the previous 24 hours were collected from the women with the help of a set of four standardized containers. The individual intakes were calculated for each subject by the method of Thimmayamma [5] . The energy and nutrient intake of each subject were then calculated by using the food composition table of Iran [7] .
Time utilization (allocation) pattern
Time allocation is defined as the total time (in minutes) spent in different types of activities during the day. The allocation of time to different types of activities was measured by a schedule prepared for this purpose as a prerequisite to assessing energy expenditure.
Energy expenditure
Energy expenditure is operationally defined as the total amount of energy expended in various forms of activities and at rest. Physical activity is the most important component affecting energy output. The energy required for different activities varies with a number of factors. However, after discussion with experts, a review of the literature, and interviews with the women in the study area, and also keeping in mind the time of year (seasonal effect), a list of 52 activities was included in the schedule prepared to assess the energy expenditure of the women.
Throughout this survey, the respondents were asked to determine the time spent on each classified activity during the previous 24 hours. In order to estimate the total calories spent on each activity, the standard tables of energy cost in different activities (min/kcal) given by the Food and Agriculture Organization/World Health Organization/United Nations University (FAO/WHO/ UNU) [8] were used. First, the detailed time spent on different types of activities by the respondents the previous day was recorded based on their recall. Then, the energy cost per minute for each activity was obtained from the standard tables and multiplied by the time spent on the activity to calculate the daily energy expenditure for that activity. The total energy expenditure was then computed by summing the daily energy expenditure for all the activities.
Energy balance
For an individual to be healthy and in good physical condition over a period of time, his or her energy input must be equal to the energy output. In this study, energy balance is operationally defined as the equilibrium between energy intake and energy expenditure. According to the value obtained for energy balance, the respondents were classified into two groups, those with positive energy balance and those with negative energy balance.
Body mass index (BMI)
The body mass index or Quetelet's index (the weight in kilograms divided by the square of the height in meters) of the respondents was calculated. The classification suggested by James et al. [9] and Rao and Vijayaraghavan [10] was used for the study. Based on this classification, a BMI of less than 20 indicates chronic energy deficiency or underweight, a BMI between 20 and 25 is normal, and a BMI over 25 indicates overweight or obesity. The body weight and height of the subjects was measured by a single investi-Should header be "H. S. Fami el al."? gator using the same measurement tools and methods. The respondents were weighed in their normal clothing, and their heights were measured by using a PVCcoated fiberglass tape.
Participation of rural women in mixed farming
To measure the extent of participation of the women in mixed farming, an index was developed in which items related to two main components of mixed farming (crop farming and animal husbandry) were included. Two levels of participation (work and decision-making participation) were determined.
Results and discussion

Mean food and nutrient intake of the subjects
The data presented in table 1 show the average food and nutrient intake of the women obtained from different food groups. Energy intake came from cereals and grains (46.7%), pulses and legumes (12.8%), meat and meat products (11.6%), milk and dairy products (10.0%), fats and oils (7.7%), sugars (7.6%), vegetables and fruits group (2.8%), and the miscellaneous group (0.8%).
Cereals and grains also contributed other nutrients, such as protein (41.8%), fiber (47.9%), and iron (60.5%). Meat and meat products provided the most fat (40.3%), followed by fats and oils (29.5%) and milk and dairy products (21.5%). Milk and dairy products were the major sources of calcium (56.9%), followed by cereals and grains (22%) and pulses and legumes (14%). Retinol was mainly obtained from vegetables and fruits (94%).
Food habits are profoundly influenced by cultural, personal, situational, and economic factors. The data showed that cereals and animal products were the main staples. This is substantially attributable to the dominance of mixed farming as well as the high percentage of the population consuming self-produced food in the area of study. In addition, the effect of seasonal factors is very important. For example, nutrient intake is improved by a marked increase in the consumption of vegetables, which contain a large amount of retinol equivalent, iron, and calcium. More vegetables are consumed during the spring, when rural women collect many types of edible wild vegetables growing in the fields or the surrounding hills and pastures. These findings are in agreement with those of others [11] [12] [13] [14] . 
Comparison of nutrient intake of the subjects with the recommended dietary allowances of other countries and their meal consumption pattern
The contribution of different meals in providing some basic nutrients and also the recommended dietary allowance (RDAs) of India, the United States, and the United Kingdom, as compared with the subjects' intake, are presented in table 2. The respondents followed four meal patterns: breakfast, lunch, tea and snacks at midday, and dinner. The major proportions of energy, protein, fiber, fat, and iron were provided by lunch, followed by dinner, breakfast, and mid-day tea and snacks. Breakfast contributed more calcium than the other meals, followed by lunch, dinner, and mid-day tea and snacks. Dinner contributed more retinol than the other meals, followed by lunch, mid-day tea and snacks, and breakfast. The nutrient intakes of the women were also compared with the RDAs for India [15] , the United States [16] , and the United Kingdom [6] . In all cases, the amounts of nutrients and energy consumed by the subjects were higher than those recommended in the comparison countries. No RDAs have been established for Iran. The total average energy and nutrient intakes of the women were found to be 2,602 kcal, 85 g of protein, 8.8 g of fiber, 75 g of fat, 31 mg of iron, 731 mg of calcium, and 1,268 µg of retinol. According to the FAO/ WHO/UNU recommendations [8] , a farm woman with an average body weight of 60 kg needs about 2,820 kcal per day. Since the average energy intake of the subjects was 2,602 kcal, they were consuming about 200 kcal less than the FAO/WHO/UNU recommendations. This variation is not surprising, because the energy intake of the respondents changes in different seasons and areas.
It would probably be different in the summer (peak season), fall, and winter.
According to the classification of Sudeh et al. [17] , when the energy intake is above the RDA, it can be considered adequate. According to this criterion, the respondents are well-nourished. However, comparison of mean intakes with the RDAs of other countries is not sufficient, and RDA tables should be developed for the Iranian people. These findings are in agreement with the findings of others [18] .
Daily time allocation and energy expenditure of rural women in different types of activities during the spring season
Individual energy expenditure depends on the amount of time spent on various activities and the body's basic energy needs for maintaining life processes. Table 3 indicates the time allocation and energy expenditure of the women in different types of activities during the spring season. Out of each 24 hours, the respondents spent 1,113 minutes (about 19 hours) in household activities, rest, and sleep, followed by 259 minutes (about 4 hours) in animal husbandry and 68 minutes (about 1 hour) in crop farming activities. Similarly, they spent more energy in household activities (1,492 kcal), followed by animal husbandry (741 kcal), and crop farming activities (179 kcal).
The women spent more time and energy in animal husbandry than in crop farming. Table 4 shows that 22.7% of the total time and 38.1% of the total energy were spent in mixed farming activities during the spring season. The burden and workload of crop farming and animal husbandry activities on women are less during the spring than during the peak season or the summer. 
Selected anthropometric measurements of rural women
Some of the most commonly used anthropometric measurements in routine surveys are body weight, crown-heel length or standing height, and BMI [10] . These were applied in the present study as determinants of the subject's nutritional status. BMI provides a reasonable indication of nutritional status. It can serve as an indicator of health risk. Leslie et al. [3] found that women with BMI in the normal range are able to spend more time in work-related activities, including home production. The data presented in table 5 show some selected anthropometric measurements of the women. The mean body weight and standing height were about 61 kg and 155 cm, respectively. Their body weight was about 9% higher than that of a reference woman [8] .
The mean BMI was about 25. The great majority of the respondents (more than 90%) had a BMI above 20, indicating that they had a sound nutritional status (table 6), although their energy balance may change during the different seasons. According to Rao and Vijayavaghavan [10] , BMI correlates with fatness. The fat content of 100 g of sheep meat is about 54 g as compared with 7 g for the same amount of cattle meat [7] . Therefore, the higher consumption of sheep meat in the study area might be another reason for the prevalence of overweight.
For example, the women may have negative energy balance during the spring because rural boys and girls attend school during the spring, fall, and winter, which increases the responsibility of mothers to perform their home or farm tasks alone. Further, there is a lack of sufficient income during the spring as compared with the summer and fall, when the people can sell their agricultural products and get more cash. This may require the women to undertake additional off-farm activities in the spring season.
Women's workload in the study area diminished during the fall and winter seasons. During this period, which lasts about six months, their nutritional status improved. Since the data were collected in the spring just after that period of light workload, the study recorded a greater number of overweight women. Accordingly, if the data were collected at the end of the peak season, the negative balance would be higher. This result points to the increased workload in summer, which may have a deleterious effect on the energy balance of the study women. Further studies are needed to compare the impact of seasonality on the nutritional status of rural women in Iran.
Relation between energy expenditure and time spent by rural women in mixed farming, as well as the relation of energy balance with other nutritional variables
A correlation coefficient was calculated to determine the relation between energy expenditure and time spent by the women on mixed farming, as well as the relation of energy balance with other nutritional variables. There was a significant negative relationship between energy balance and the amount of energy and time spent on mixed farming (table 7) . This is strong evidence for an effect of the participation of rural women in mixed farming on the deterioration of their nutritional status. Accordingly, the majority of rural women with negative energy balance would have higher levels of participation in mixed farming. This relationship is largely due to the lack of appropriate technologies available to rural women or to their hard working conditions, which make mixed farming drudgery for them. Similarly, examination of the relationship of energy balance with other variables indicated that those women who were engaged in more household activities had a higher energy balance, which is an indication of better nutritional status. Therefore, the nutritional status of rural women participating in mixed farming should be improved through developmental strategies such as nutritional education, food supplementation, and introduction of appropriate technologies. According to McGuire and Popkin [24] , four classes of interventions are likely to reduce the constraints of women and improve their nutritional situation: increasing women's income and their control of income and productive resources, reducing their child-care burden, increasing their productivity in household production, and improving their own health and nutrition directly [25] . In addition to these interventions, the results of this study indicate that reducing the work burden of mixed farming through appropriate technology would help in increasing the nutritional status of women in low-income families.
Category-wise comparison of rural women on selected variables based on their energy balance
The t-test was used to compare the two groups of women with positive and negative energy balance (table 8) . The two groups were significantly different in total energy expenditure, energy expenditure in crop farming, energy expenditure in animal husbandry, energy expenditure in mixed farming, time spent in animal husbandry, time spent in mixed farming, and overall participation in animal husbandry and mixed farming. The mean values of these measurements were higher in the group with negative energy balance than in the group with positive energy balance. The mean values of total energy intake and time spent in household activities were higher in women with positive energy balance than in those with negative energy balance.
It is evident that women with positive energy balance spent more time and energy in household activities, and those with negative energy balance spent more time and energy in animal husbandry and mixed farming. Those with negative energy balance also had higher levels of work and overall participation in animal husbandry and mixed farming. In other words, time spent, energy expenditure, and work participation in mixed farming and animal husbandry had considerable effects Nutritional status of rural women in Iran on the energy balance of the women, often shifting it to the negative side. These findings again confirm that mixed farming activities have a direct impact on the energy balance and thereby the nutritional status of rural women. Mixed farming could reduce the women's appetite by causing fatigue and could also reduce the time available for cooking and improving the nutritive value of the diet.
Conclusions
An analysis of dietary patterns indicated that cereals and grains were the major source of energy. According to the RDAs for India, the United States, the United Kingdom, and FAO, rural women in the Tafresh area of Iran seemed to have no micronutrient and energy deficiencies during the spring season. These women spent most of their time and energy in household, animal husbandry, and crop-farming activities. According to anthropometric measurements, the women were in sound nutritional status, while at the same time about 41% of them had a negative energy balance. This is because energy balance is a short-term indicator of nutritional status and is highly sensitive to daily energy intake and expenditure, whereas BMI is a long-term indicator showing the overall energy balance over years.
The results imply seasonal fluctuations in the quantity, quality, and type of women's diets, as well as variable participation by them in mixed farming activities throughout the year. In other words, the findings indicate that a woman with a good BMI may suffer from adverse effects of nutritional deficiencies in some period of the year due to greater physical activity. This is because women's contributions to mixed farming activities tend to be seasonal. However, further analysis demonstrated a significant negative relationship between energy and time spent by the women in mixed farming and their energy balance. Hence, it is evident from the results that the physical contribution of the women to mixed farming activities may adversely affect their nutritional status, at least during some parts of the year (e.g., spring or summer). Therefore, there is a need to take different nutritional interventions into account to improve the sustainability of food intake and to develop appropriate technologies in mixed farming to alleviate the work burdens of rural women.
More investigations on the relationship of the nutritional status of rural women to their physical participation, seasonality, and productivity in agriculture are recommended. Such research should examine the seasonal variability in both participation and the nutritional situation. The data must be collected at different times or seasons throughout an entire year. The findings will be useful for formulation of extension and nutrition programs.
